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Tuesday, February 18, 2014 555ais its flexibility in handling complex geometries and boundary conditions. In
this study the FE model of MscL, the large conductance bacterial MS channel,
has been developed as an initial template providing a continuum structural
framework for a mechanistic understanding of the gating mechanism in MS
channels, which can also be employed to develop structural dynamic models
of other types of MS channels. A typical tensional force needed to activate
MS channels was first applied to the FE model of the lipid bilayer and was
then varied depending on the mechanical properties and cholesterol content
of the membrane bilayer surrounding MscL. In agreement with the experi-
mental results the FE model showed that adding cholesterol to the lipid bilayer
caused a significant increase in the tensional force required for MscL activa-
tion. Furthermore, the current model helped to define the membrane stress dis-
tribution around a ‘hole’ in the membrane bilayer containing the MscL protein
as well as to identify stress areas where the MscL protein is attached to the hole
boundary by applying an appropriate mesh refinement and defining contact
conditions between the channel and the bilayer. Cholesterol, although stiff-
ening the lipid bilayer, increased the stress intensity in the highly stressed areas
of the MscL protein under tension and thus facilitated rupturing of the lipid
bilayer. Although initially surprising, this result is consistent with the patch
clamp experiments, which demonstrated that adding cholesterol markedly
reduced the bilayer lytic tension.
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Piezo1 is a eukaryotic mechanosensitive cation channel. We characterized its
permeability to monovalent and divalent cations. The i-V relationships for
150 mM Naþ, Kþ and Csþ ions were similar and they showed non-
linearity (for 150 mM Kþ, the conductance was 36 pS at 40 mV and 47
pS at 100 mV). This similarity implies that the ions permeate without
requiring much dehydration (hydrated radius of ions: Naþ: 276 pm; Kþ:
232 pm; Csþ: 226 pm). However, conductance of Liþ was lower (27 pS
at 100 mV) implying that some of the hydrated shell had to be shed in order
for the ion to permeate the channel. At 150 mM, the impermeant occluding
ions TMA, TEA and Tris with hydrated diameters of 550, 660, and 580
pm, respectively, severely attenuated Kþ currents through the channel. Extra-
cellular Tris attenuated the Kþ current in a dose-dependent manner with an
equilibrium constant of 30 mM. Permeation of monovalent ions and occlusion
by Tris suggests that the radius of the pore is between 340 pm and 580 pm.
Recording with pure divalent pipette solutions established the conductance
of Mg2þ, Ca2þ and Ba2þ ions. The conductances of inward currents at a
membrane potential of 50 mV were 9 pS, 14 pS and 24 pS for Mg2þ, Ca2þ
and Ba2þ repectively. In general, divalent currents were rarely elicited
compared to monovalent currents. Pre-exposing cells to cytochalasinD, a
known actin disruptor, enhanced the probability of divalent-based currents.
By maintaining Kþ as the main cation and titrating it with divalents of
increasing concentration we determined that divalents decreased the single-
channel conductance of Kþ based currents as though the ions blocked the
open channel for a fraction of the time.
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Mechanosensitive channel (MSC) activity elicited by stretching membrane
patches or by cell indentation is tightly coupled to the state of the cytoskel-
eton. To determine how stress in the cytoskeleton changes in the presence
of inflammatory mediators we transiently expressed multiple cpstFRET probe
chimeras (actinin, filamin and spectrin) in dorsal root ganglion (DRG) neurons
and measured their stress responses in the indentation assay. PGE2 signifi-
cantly increased both the resting stress and the stress response upon indenta-
tion in multiple cytoskeletal chimeras. PGE2 induced a robust increase in
stress in filamin probes in the indentation assay. In the same assay, CGS-
21680 induced a moderate increase in stress whereas 5-HT (serotonin) did
not influence stress. The stress change profile resulting from the application
of the above-mentioned inflammatory mediators (PGE2, CGS-21680 and
5-HT) correlated with the changes in endogenous mechanosensitive currents
elicited by indenting DRG neurons. PGE2 increased mechanosensitive current
substantially whereas only moderate increases were observed for CGS-21680
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Amphotericin B (AmB) is a polyene molecule that forms pores consisting of
several monomers of the molecule in a barrel configuration inserted in lipidic
membranes. The molecular mechanism by which they are absorbed and then
inserted, diffused and form a pore is not well known, but the aggregation in
solution seems to affect the previous procedures. Therefore, AmB mode of
action has been widely stuedied, i.e., channel activity dependance with sterols
and lipid composition, transmembrane potential, temperature, phase diagram of
the bilayer, etc. However, not much research has been done to study the
channel&apos;s opening and closing frequencies which reflects the intrinsic
dynamics of the channel. In previous works, e.g. Bezrukov [1], the existence
of stocastic resonance of alamethicin channels has been shown. This suggests
that a characteristic frequency could also exist for polyenes. In this work, the
tip-dip technique was used to characterize the AmB channels dynamics in
POPC and 30% mol Cholesterol membranes. For this, square trains of pulses
of different frequencies were applied to the above membrane containing
AmB. The results show the existence of a specific frequency of the train of
pulses at which an increased activity of the channel is observed. This is impor-
tant because it occurs in a non excitable system, suggesting that it could be a
general effect; a physical characteristic of the peptidic or polyenic channels.
Understanding this phenomena may shed light in those processes in which
these molecules are involved.
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Design of peptides, using functional properties of natural ion channels, is a goal
in development of novel macromolecular devices and therapeutics. A porin-
like channel is a self-associated channel in a membrane, composed of short
b-sheet peptides. Gramicidin-like channel (GLC) is an ion channel synthesized
recently by substitutions of D-alanine for glycines in the sequence of porin-like
channel peptide. Existence of D-amino acid residues makes it difficult to deter-
mine the exact secondary structure of GLC; however experimental methods
such as CD and IR have shown a beta helical dimer for GLC similar to the
structure of gramicidin A (GA) ion channel. GLC is an ion channel in mem-
brane environment and is a head-to-head helical dimmer. The GLC monomer
was model built based on available GA dihedrals and used in MD simulations
with CHARMM36 force field in GROMACS software. To study the conforma-
tional motions of the peptide, simulations were done in water and POPC lipid
bilayer. The peptide was destabilized in water; however stabilized in lipid
bilayer. These results were in accordance with the hydrophobic properties of
side chains exposed to the solvent, as well as the residue fluctuations and sec-
ondary structural features. In addition, the dynamic behavior of the residues
was analyzed by examining the correlation between the fluctuations of the
nonpolar and polar side chains which are hydrogen-bonded with polar head-
groups of the lipid bilayer. Finally, in light of simulations, the results provide
information about the role played by amino acid enantiomers in proposed beta
helical model.
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The Pannexin-1 (Panx1) channel is known to become activated under a variety
of physiological conditions resulting in the release of large molecules such as
ATP from the cell. The detailed molecular mechanism of activation of the
channel resulting in the opening of the Pannexin pore is poorly understood.
The best-studied gating mechanism is caspase-3/7-mediated cleavage and
truncation of the c-terminus. In the absence of caspase-cleavage, the c-termi-
nal peptide maintains the channel in the closed state, possibly by directly plug-
ging the pore. We sought to better understand in detail the part of the
c-terminus necessary for this interaction by alanine-scanning and truncation
mutagenesis of the c-terminal gating peptide. These experiments demonstrate
that no single amino acid side-chain is necessary for this interaction. In fact,
replacing blocks of 10-12 amino acids in different parts of the c-terminal pep-
tide with alanines failed to disrupt the ability of the c-terminus to keep the
channel blocked. Surprisingly, even replacing the entire c-terminal gating
peptide with a scrambled peptide of the same length could maintain the
556a Tuesday, February 18, 2014interaction in some cases. Further analysis revealed that the interaction sur-
face, while delocalized, is located within the amino-terminal two-thirds of
the c-terminal peptide. Such a delocalized and potentially low-affinity interac-
tion surface is allowed due to the high effective concentration of the c-termi-
nal peptide near the inner vestibule of the pore and likely explains why this
region is poorly conserved between species. This type of weak interaction
with a tethered gating peptide may be required to maintain high-sensitivity
to caspase-dependent activation.
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Connexin channels are permeable to a wide variety of molecules. Functional
studies have shown that channels formed by different connexins have different
molecular selectivities, and that the selectivity can strongly depend on
factors other than the size of the permeating molecule. This suggests that spe-
cific interactions between a molecule and the pore lumen determine whether
and how well the molecule can pass through the pore. Molecular Dynamics
simulations are widely applied to study permeation of atomic ions through
ion-selective channels, and in a few cases, to molecular permeation through
transporters and porins. Computational models and strategies must be vali-
dated by comparison with experimental results. To this end, we applied
both a non-equilibrium simulation method (Steered Molecular Dynamics)
and an equilibrium method (Umbrella Sampling Replica Exchange) to
explore the free energy profile of two aminopyridyl-labeled saccharides in
the connexin26 (Cx26) pore, one of which is permeant and one impermeant,
as shown by experiment [1,2]. The system is an MD-equilibrated Cx26 chan-
nel, in explicit membrane/solvent, that incorporates key post-translational
charge changes and has been shown by Brownian Dynamics to reproduce
the electrical conductance characteristics of the native channel [3]. The results
show energy profiles that are consistent with experimental results. The perme-
ant has only moderate energy barriers to overcome, while there is a substantial
barrier to movement of the impermeant through the pore. Potential sites of
interaction within the pore are defined for each molecule. The qualitative cor-
respondence between calculated energy profiles and experimental data for a
permeant and a nonpermeant molecule suggests that this system can be
used to explore the molecular basis by which connexin channels select among
(potential) permeating molecules, and how mutations alter the permeation
process.
1. Bevans J.Biol.Chem. 273:2808.
2. Locke Exp.Cell Res. 298:643.
3. Kwon J.Gen.Physiol. 138:475.
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Cysteine-scanning mutagenesis combined with thiol reagent modification is a
powerful methodology to define pore-lining elements of channels and the
changes in structure that accompany channel gating. To help identify the posi-
tion of the gate of connexin26 (Cx26) hemichannels, using the Xenopus oocyte
expression system, we performed cysteine-scanning mutagenesis of several
residues within the pore, followed by chemical modification using methanesul-
fonate (MTS) reagents. Strikingly, we observed that modification with MTS
reagents, at different pore lining residues, was reversed within minutes of
washout of the reagents. This reversal should not occur unless reducing agents,
which can break the disulfide thiol-MTS linkage, have access to the site of
modification. We therefore tested whether the connexin pore was allowing
cytosolic glutathione, a well-known cytosolic reducing agent, to access the
sites. Inhibition of gamma-glutamylcysteine synthetase by buthionine sulphox-
imine decreased the cytosolic glutathione in Xenopus oocytes and drastically
reduced reversibility of MTS modification. In contrast to MTS reagents, mal-
eimide reagents can chemically modify cysteines in a reaction that cannot be
reversed by glutathione. As predicted, the maleimide modification did notreverse with washout. Using reconstituted hemichannels in a liposome-based
transport-specific fractionation assay, we confirmed that homomeric Cx32,
Cx26, Cx30 and heteromeric Cx26/Cx32 and Cx26/Cx30 hemichannels are
permeable to glutathione, as others have shown for Cx43 channels. These
results suggest that: (a) connexin hemichannels may mediate physiological
glutathione release in diverse cell types; (b) maleimide-based modification is
the more appropriate approach to perform chemical modification to study
structure-function of connexin channels, and other channels and transporters
that are permeable to large molecules, such as pannexin channels. Support:
GM099490 & GM036044.
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Connexins form the intercellular channels composing gap junctions in verte-
brates and providing both the electronic coupling and the exchange of ions
and small molecules between adjacent cells. A gap junction channel consists
of two opposed hemichannels that were recently shown to be functional
when embedded in a nonjunctional membrane. There, the hemichannels
mediate release of messengers controlling several important physiological
processes including cellular proliferation and tissue remodeling. Moreover,
an increasing number of evidence has placed the hemichannels as potential
regulators of homeostatic imbalance present in diverse neurodegenerative
diseases.
Cx26 is a representative of the gap junction channels with a known structure.
Here we resort to molecular modeling methods in order to study process of
ion permeation through its hemichannel. Based on obtained trajectories we esti-
mated ion flux and current in a range of voltages applied experimentally for
native Cx26 and its two known mutants: D50N and G45E. We have analyzed
current-voltage dependencies for the native channel and demonstrated an
opposing effect of the two mutations. Finally we studied the process of ion
permeation when Ca2þ is present in the system. We have shown, for the first
time in silico, possible modulation of the Cx26 current-voltage dependence
by Ca2þ ions.
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Gap junctions (GJ) are intercellular channels that connecting the cytoplasm of
neighbor cells.GJ channels formed by Cx50 and Cx36 show drastic disparity in
their unitary conductance (gj) and transjunctional voltage-dependent gating
(Vj-gating), but the important underlying molecular domains/residues are not
clear. Experimental evidence showed that residues in the first extracellular
domain (E1) of Cx50 likely line the GJ channel pore and are important factors
in determining gj and Vj-gating. We aligned the E1 sequence of Cx50 with that
of Cx36 and found 10 different residues (4/10 residues involves a change in
charge). We generated a chimera Cx50Cx36E1, in which the E1 of Cx50
was replaced by the E1 of Cx36, and 4 point mutations in E1 of Cx50 (where
a charge change occurs, i.e. G46E, D51M, E62N and E68R). Dual patch clamp
study on the homotypic GJ channels formed by the chimera or the point
mutants in N2A cell pairs indicate that the Cx50Cx36E1 channel showed little
change in the Vj-gating properties, but displayed a significantly reduced main
single channel conductance (gj). Our studies on the point mutations of Cx50
showed that some of the mutants altered the Vj-gating properties and others
changed the gj and/or the probabilities in different conducting states. Our study
indicates that Cx50 E1 is an important domain in determining the Vj-gating
properties and gj. Charge changes in different residues in the E1 between
Cx50 and Cx36 showed different channel properties likely dictated by either
their location in the pore structure or the nature of the mutation.
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Penetration through the outer cell wall is the first step for an antibiotic to
reach the target site inside the bacteria. In this study, the role of major
